Introduction
============

Hodgkin lymphoma (HL) is a lymphoid malignancy that accounts for approximately 7% of childhood cancers in the United States.[@b1-mjhid-10-1-e2018019] Five-year survival rates are 98% and 97% for the \<15 years and 15--19 years age cohorts, respectively. Several risk factors have been associated with developing HL, such as EBV infection,[@b2-mjhid-10-1-e2018019] primary immune deficiencies[@b3-mjhid-10-1-e2018019] and autoimmune lymphoproliferative syndrome (ALPS).[@b4-mjhid-10-1-e2018019]

Familial Mediterranean fever (FMF) (OMIM 249100) is an autoinflammatory syndrome that can be adequately treated in the majority of cases with colchicine.[@b5-mjhid-10-1-e2018019] Clinically, FMF is characterized by recurrent episodes of fever, serositis, arthritis, dermal manifestations and long-term renal complications.[@b6-mjhid-10-1-e2018019] The goals of FMF treatment are to prevent acute attacks, decrease the subclinical inflammation between the attacks and to prevent the development of amyloidosis. Colchicine suppresses pyrin oligomerization and interferes with neutrophil migration. It also prevents cytoskeletal changes that lead to pyrin inflammasome assembly. Alternative treatment options, particularly for colchicine-resistant or intolerant patients include interleukin-1 inhibitors such as anakinra and canakinumab.[@b7-mjhid-10-1-e2018019] FMF has been reported in association with adult hematological malignancies such as multiple myeloma, acute lymphoblastic and myeloid leukemias and myelodysplastic syndromes.[@b7-mjhid-10-1-e2018019]--[@b12-mjhid-10-1-e2018019] However, this entity has not been reported in association with HL in adults or children. We describe the first case of HL in a pediatric patient with FMF, who developed myelotoxicity due to the combination of colchicine with chemotherapy.

Case Presentation
=================

A 6-year-old girl, of Turkish descent, presented with a 6-week history of right posterior cervical lymphadenopathy. She had no recent history of fever, night sweats or weight loss. Past medical history was significant for FMF with a known M694V mutation in the MEFV gene (and an r40w variant of unknown significance in the MVK gene), diagnosed at age one year and well managed with colchicine 0.3 mg orally twice/day. Complete blood count (CBC) showed white blood cell count 8.3 × 10^3^/μl, hemoglobin 130 g/L, and platelet count 298,000/μl. Lactate dehydrogenase was 850 IU/L, uric acid 174 umol/L and ESR 2 mm/h. An excisional biopsy of a cervical lymph node showed effacement of the normal nodal architecture with a smaller population of large atypical cells with large prominent eosinophilic nucleoli and occasional classical diagnostic Reed-Sternberg cells. Immunohistochemical stains revealed positivity for CD30, CD15 and PAX5. The tumour cells were focally positive for CD3 and negative for ALK-1, CD45 and CD20. In situ hybridization for EBV-EBER (where EBER is Epstein--Barr encoding region) was positive in the majority of large atypical cells. Staging included PET computerized tomography which demonstrated localized hypermetabolic right cervical lymph nodes with the absence of bulk disease. Therefore, the final diagnosis was stage IIA classical Hodgkin lymphoma, nodular sclerosis subtype. The patient ([Figure 1](#f1-mjhid-10-1-e2018019){ref-type="fig"}) was treated according to the local standard of care for low risk HL using 2 cycles of OEPA (vincristine 1.5 mg/m^2^/dose IV days 1, 8 and 15, etoposide 125 mg/m^2^/dose IV days 1--5, prednisone 60 mg/m^2^/day PO days 1--15, and doxorubicin 40 mg/m^2^ IV days 1 and 15) chemotherapy only.[@b13-mjhid-10-1-e2018019]

Her first treatment course was complicated by prolonged myelosuppression including CTCAE grade 4 neutropenia, fever and severe abdominal pain. She needed to be admitted on day 8 for clinical sepsis, requiring three intravenous fluid boluses and antibiotics. Furthermore the second infusion of Vincristine and Doxorubicin was postponed to Day 16. No other signs of colchicine toxicity, such as bloody stool, renal failure or disseminated intravascular coagulation were noted. Blood cultures remained negative. She was discharged home after twelve days but needed readmission on day 22 due to severe abdominal pain and loose stools, treated with intravenous hydration and morphine for nine days. After consultation with the Rheumatology service, colchicine was discontinued from day 27 of cycle 1 onwards, to prevent possible interactions with chemotherapy. Cycle 2 was started 36 days after start of cycle 1. She tolerated this much better, without any complications and count recovery within the expected timeframe. Clinical and radiographic evaluations showed no evidence of disease at the end of therapy. The patient currently remains in remission 17 months after completion of therapy. Subsequently, she developed similar fever attacks and colchicine was resumed at the same dose 3 months after completion of chemotherapy. Her FMF has been well controlled since, without any signs of colchicine toxicity.

Discussion
==========

Familial Mediterranean fever (FMF) is an autosomal recessive disorder, although autosomal dominant and heterozygous patients have been reported as well. It is characterized by recurrent self-limiting acute painful attacks of fever and inflammation in the peritoneum or pleura, arthritis, splenomegaly and skin rashes, lasting 12--72 hours. Amyloidosis with renal failure is a complication and may develop without overt crises.[@b6-mjhid-10-1-e2018019] Several sets of criteria have been developed in order to classify the disease, such as the Tel Hashomer criteria in adults and the modified criteria in childhood.[@b14-mjhid-10-1-e2018019]--[@b15-mjhid-10-1-e2018019] The disease is associated with mutations in the MEFV gene, localized on chromosome 16p13, encoding for the protein pyrin, which is involved in the regulation of inflammation and apoptosis.[@b16-mjhid-10-1-e2018019] It has an important role in the innate immune system and interacts with caspase-1 and other inflammasome components to regulate interleukin IL-1β production. Different genotypes lead to distinct phenotypes. One of the most common mutations, including among the Turkish population, is the 2080A-G transition in the pyrin gene, resulting in a met694-to-val (M694V) substitution.[@b17-mjhid-10-1-e2018019] In adults, a high frequency of carriers of the MEFV gene in patients with hematological neoplasms has been reported, none of whom had a diagnosis of Hodgkin lymphoma. However, it remains unclear how inherited variants in the MEFV gene are associated with tumor susceptibility or promotion in hematologic neoplasms.[@b10-mjhid-10-1-e2018019]

Management of FMF with colchicine has benefitted patients by reducing painful attacks and preventing amyloidosis.[@b18-mjhid-10-1-e2018019] Therefore, this drug was continued during initiation of anti-cancer treatment. However, our patient did not tolerate the combination with the low-intensity chemotherapy regimen.

Colchicine has a narrow therapeutic index. It is readily absorbed after oral administration, but has a variable bioavailability (ranging from 25% to 88%) and undergoes extensive first-pass metabolism. It has a wide volume of distribution (Vd) and binds to intracellular elements. Colchicine is primarily metabolized by the liver, undergoes significant enterohepatic re-circulation, and is also excreted by the kidneys. CYP3A4 and P-glycoprotein inhibitors can increase serum colchicine concentrations. Etoposide, prednisone, vincristine and doxorubicin are substrates of CYP3A4, and therefore the clearance of these drugs may decrease with concurrent administration of colchicine, and their side effects may increase. Since colchicine is also a substrate of CYP3A4, its clearance may be decreased by these drugs due to competitive inhibition. In addition, the target for both colchicine and vincristine is tubulin beta chain which may add to toxicity when administered together.[@b19-mjhid-10-1-e2018019] Thus, our patient may have experienced gastrointestinal adverse effects and prolonged bone marrow suppression, as described in patients with colchicine toxicity, due to CYP3A4-mediated impairment of colchicine or antineoplastic agent metabolism or an additive effect on tubulin inhibition.[@b20-mjhid-10-1-e2018019]

Colchicine was discontinued in our patient and the second cycle of chemotherapy was well tolerated, without fever or abdominal pain. She is currently disease-free 17 months after completing therapy.

In summary, to the best of our knowledge, we describe the first case of Hodgkin lymphoma in a patient with familial Mediterranean fever. Colchicine should be given with caution in patients treated with drugs substrate of CYP3A4 and/ or effecting on tubulin polymerization, like vincristine. To this end, a strict collaboration between oncology and rheumatology is warranted when managing these patients.
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